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A reappraisal of two-loop contributions to the fermion electric dipole moments
in R-parity violating supersymmetric models
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We reexamine the R-parity violating contribution to the fermion electric and chromo-electric
dipole moments (EDM and cEDM) in the two-loop diagrams. It is found that the leading Barr-
Zee type two-loop contribution is smaller than the result found in previous works, and that EDM
experimental data provide looser limits on RPV couplings.
PACS numbers: 12.60.Jv, 11.30.Er, 13.40.Em, 14.80.Ly
The supersymmetry is known to resolve many theoret-
ical problems which have been encountered in the stan-
dard model (SM) such as the cancellation of the power
divergences in radiative corrections, and its supersym-
metric extension is therefore one of the promising candi-
dates of new physics. The supersymmetric SM can be ex-
tended to allow baryon number or lepton number violat-
ing interactions, known as the R-parity violating (RPV)
interactions, and they have been constrained from the
analysis of various phenomena [1].
The electric dipole moment (EDM) is an excellent ob-
servable to investigate the underlying mechanisms of the
P and CP violations and can be measured in a vari-
ety of systems [2]. Since the contribution of the SM
to the EDM is in general small [3], it is a very good
experimental observable to examine the supersymmet-
ric models and other candidates of new physics. In the
past three decades, many analyses of the supersymmetric
models with [4–7] and without [8–13] the conservation of
R-parity have been done using the EDMs.
In the RPV supersymmetric model with trilinear RPV
interactions, it has been found that the fermion (quark
or lepton) EDM does not receive any one-loop contribu-
tion [9], and the two-loop contribution has been analyzed
in detail to give the Barr-Zee type diagram as the lead-
ing contribution [11]. In this paper, we reexamine the
RPV Barr-Zee type contribution which turns out to be
in disagreement with previous works [10, 11, 13]. We will
show that the RPV Barr-Zee type diagram has actually
a smaller contribution than that given in previous works.
The RPV interactions are generated by the following
superpotential:
WR/ =
1
2
λijkǫabL
a
iL
b
j(E
c)k + λ
′
ijkǫabL
a
iQ
b
j(D
c)k , (1)
with i, j, k = 1, 2, 3 indicating the generation, a, b = 1, 2
the SU(2)L indices. L and E
c denote the lepton dou-
blet and singlet left-chiral superfields. Q, U c and Dc
denote respectively the quark doublet, up quark singlet
and down quark singlet left-chiral superfields. The RPV
baryon number violating interactions are irrelevant in
this analysis since they do not contribute to the Barr-
Zee type diagrams, and are not included in our current
analysis. Also the bilinear RPV interactions were not
considered. The RPV lagrangian of interest is then given
as
LR/ = −
1
2
λijk
[
ν˜ie¯kPLej + e˜Lj e¯kPLνi + e˜
†
Rkν¯
c
i PLej − (i↔ j)
]
+ (h.c.)
−λ′ijk
[
ν˜id¯kPLdj + d˜Lj d¯kPLνi + d˜
†
Rk ν¯
c
iPLdj − e˜Lid¯kPLuj − u˜Lj d¯kPLei − d˜
†
Rk e¯
c
iPLuj
]
+ (h.c.) , (2)
where PL ≡
1
2
(1− γ5) and we also define PR ≡
1
2
(1+ γ5)
for later use. These RPV interactions are lepton number
violating Yukawa interactions.
The EDM dF of the fermion is defined as follows:
LEDM = −i
dF
2
ψ¯γ5σ
µνψFµν , (3)
where Fµν is the electromagnetic field strength. With
the RPV lagrangian (2), the sneutrino exchange Barr-
Zee type diagrams shown in Fig. 1 contribute to the
EDM. Here the emission (absorption) of the sneutrino
from fermion is accompanied by PR (PL) projection op-
erator as is apparent from the Eq. (2) .
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FIG. 1: Examples of Barr-Zee type two-loop contributions to
the fermion EDM within RPV interactions. The projections
of the chirality (PL and PR) were explicitly given for the RPV
vertex.
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FIG. 2: One-loop ν˜γγ vertex generated with RPV interac-
tions.
At first we give the expression of the two-photon decay
amplitude of annihilation and production of sneutrino
with internal fermion loop shown in Fig. 2 given as
ǫ∗µ(q1)ǫ
∗
ν(q2)iM
µν
L (q1, q2) = −λˆijjnc(Qfe)
2ǫ∗µ(q1)ǫ
∗
ν(q2)
∫
d4k
(2π)4
Tr
[
(k/ + q1/ +mfj )γ
µ(k/ +mfj )γ
ν(k/ − q2/ +mfj )PL
][
(k + q1)2 −m2fj
] [
k2 −m2fj
] [
(k − q2)2 −m2fj
]
≈
imfj λˆijjnc(Qfe)
2
(4π)2
ǫ∗µ(q1)ǫ
∗
ν(q2)
∫
1
0
dx
(1− 2x(1− x)) (qµ
2
qν1 − (q1 · q2)g
µν)− iǫµναβq
α
1 q
β
2
m2fj − x(1 − x)q
2
1
,
(4)
ǫ∗µ(q1)ǫ
∗
ν(q2)iM
µν
R (q1, q2) = −λˆ
∗
ijjnc(Qfe)
2ǫ∗µ(q1)ǫ
∗
ν(q2)
∫
d4k
(2π)4
Tr
[
(k/ + q1/ +mfj )γ
µ(k/ +mfj )γ
ν(k/ − q2/ +mfj )PR
][
(k + q1)2 −m2fj
] [
k2 −m2fj
] [
(k − q2)2 −m2fj
]
≈
imfj λˆ
∗
ijjnc(Qfe)
2
(4π)2
ǫ∗µ(q1)ǫ
∗
ν(q2)
∫ 1
0
dx
(1− 2x(1− x)) (qµ
2
qν
1
− (q1 · q2)g
µν) + iǫµναβq
α
1
qβ
2
m2fj − x(1 − x)q
2
1
,
(5)
where i and j denote the flavor indices of ν˜ and loop
fermion, respectively. λˆ is the R-parity violating cou-
pling, λˆ = λ when charged lepton runs in the loop, and
λˆ = λ′ in the case of down type quark. nc = 1 (nc = 3 )
if fj is a lepton (quark). mfj and Qf are the mass and
the charge in unit of e of the loop fermion, respectively.
The second line is the approximated expression taking
q2 to be small. To be precise, the Levi-Civita tensor is
defined by ǫ0123 ≡ +1, and γ5 ≡ iγ
0γ1γ2γ3.
We now insert the effective ν˜γγ vertices (4) and (5)
into the whole Barr-Zee type diagram. Then we end up
with
iMBZ = −λ˜
∗
ikkQF e ǫ
∗
ν(q)
∫
d4k
(2π)4
u¯(p− q)γµ(p/ − q/− k/ +mFk)PRu(p) · M
µν
L (k, q)
k2
[
(q + k)2 −m2ν˜i
] [
(p− q − k)2 −m2Fk
]
−λ˜ikkQF e ǫ
∗
ν(q)
∫
d4k
(2π)4
u¯(p− q)γµ(p/ − q/− k/ +mFk)PLu(p) ·M
µν
R (k, q)
k2
[
(q + k)2 −m2ν˜i
] [
(p− q − k)2 −m2Fk
]
≈ iIm(λˆijj λ˜
∗
ikk)
αem
(4π)3
ncQ
2
fQF e
1
mfj
{
f
(
m2fj
m2ν˜i
)
− g
(
m2fj
m2ν˜i
)}
ǫ∗ν(q)u¯σ
µνqµγ5u , (6)
where λ˜ = λ for lepton EDM contribution and λ˜ = λ′ for quark EDM contribution, and f and g are defined as
3f(z) =
z
2
∫
1
0
dx
1− 2x(1 − x)
x(1− x) − z
ln
(
x(1 − x)
z
)
, (7)
g(z) =
z
2
∫
1
0
dx
1
x(1 − x)− z
ln
(
x(1 − x)
z
)
, (8)
in the notation of the original notation of Barr and Zee
[14]. For small z, we have g(z) ≈ z
2
(
pi2
3
+ (ln z)2
)
, and
f(z) ≈ z
2
(
pi2
3
+ 4 + 2 ln z + (ln z)2
)
. In the last line of
Eq. (6), we have taken only the part of iMBZ which
contributes to the EDM, disregarding Re(λˆijj λ˜
∗
ikk). For
each diagram of Fig. 1, there are also diagrams with the
internal fermion loop reversed, and those with internal
photon and sneutrino lines interchanged. They all give
the same amplitude and Eq. (6) should be multiplied by
four. The total EDM of the fermion F from the Barr-Zee
type diagrams with R-parity violating interaction is then
dFk = Im(λˆijj λ˜
∗
ikk)
αemncQ
2
fQF e
16π3mfj
· {f (τ) − g (τ)}
≈ Im(λˆijj λ˜
∗
ikk)
αemncQ
2
fQF e
16π3mfj
· τ (2 + ln τ + · · · ) ,
(9)
where τ = m2fj/m
2
ν˜i
. The flavor index, electric charge
and number of color of the fermion F are denoted respec-
tively by k, QF e and nc (nc = 3 if inner loop fermion is
a quark, otherwise nc = 1), and j and Qfe are respec-
tively the flavor index and electric charge of the inner
loop fermion f . The second line of the above equation is
the approximated expression for small τ . Note also that
the Barr-Zee type diagram gives EDM contribution only
to down-type quarks, and the same property holds also
for the chromo-EDM (cEDM) seen below.
We see from Eq. (6) (see also Fig. 1) that the chirality
structure of the scalar exchange between internal loop
and external line (RPV vertices with sneutrino exchange)
has the form PL⊗PR and PR⊗PL, which is a consequence
of the lepton number conservation of the whole EDM
process. This gives as a result the structure
f(τ) − g(τ) ≈ τ(2 + ln τ) , (10)
in the final formula (9). This is consistent with the result
obtained in the analysis of the Barr-Zee type diagram
analogues with the exchange of Higgs bosons in the two
Higgs doublet model, done originally by Barr and Zee [14]
(see also [15]). In the two Higgs doublet model, there are
also additional contributions with the structures PL⊗PL
and PR ⊗ PR which yield contribution proportional to
f(τ) + g(τ) ≈ τ
(
π2
3
+ 2 + ln τ + (ln τ)2
)
, (11)
which is absent in the RPV supersymmetric models.
mν˜ tau lepton bottom quark
[TeV] f − g (ours) f + g f − g (ours) f + g
0.1 3.14 −32.1 1.80 −15.9
1 5.50 × 10−2 −7.89× 10−1 3.64 × 10−2 −4.64× 10−1
5 2.87 × 10−3 −4.99× 10−2 1.98 × 10−3 −3.12× 10−2
TABLE I: The electron EDM de [10
−27e cm]. The coupling
constants of RPV interactions are set to Im(λ233λ
∗
211) =Im
(
∑
i
λ′i33λ
∗
i11) = 10
−5 and the masses of b-quark and tau lep-
ton are set to mb = 4.2 GeV and mτ = 1.78 GeV. For com-
parison, we have shown the EDM calculated by replacing f−g
by f + g.
The small τ behaviour in Eq. (9) is in contradiction
with the result presented in Refs. [10, 11, 13], where the
RPV Barr-Zee type diagrams receive the leading con-
tribution proportional to τ(ln τ)2. If one would replace
f(τ)− g(τ) in Eq. (9) by f(τ) + g(τ), the formula given
in Refs. [10, 11, 13] would be obtained. The difference
between these two results is large. For example, if we con-
sider the Barr-Zee type diagram with the bottom quark
and tau lepton in the loop, the electron EDM evaluated
from our formula in Eq. (9) is one order of magnitude
smaller than those of Refs. [10, 11, 13] and even sign of
the electron EDM is different as shown in Table I. By us-
ing our correct formula, the experimental upper bounds
on RPV interactions given from the RPV Barr-Zee type
contribution is loosened by one order of magnitude.
We can also evaluate Barr-Zee type diagrams which
contribute to the quark cEDM. The lagrangian of the
cEDM interaction is given by
LcEDM = −i
dcq
2
ψ¯γ5σ
µνTaψF
a
µν , (12)
where F aµν is the gluon field strength. The Barr-Zee type
contribution of the down-type quark qk is then
dcqk = Im(λ
′
ijjλ
′∗
ikk)
αsgs
32π3mqj
· {f (τ)− g (τ)} , (13)
where τ = m2qj/m
2
ν˜i
. The flavor indices of the quark qk
and the quark of the inner loop are denoted respectively
by k and j.
In conclusion, we have reanalyzed the RPV super-
symmetric contribution to the Barr-Zee type two-loop
diagrams, and have found that the result gives smaller
fermion EDM, by one order of magnitude than the pre-
vious analyses [10, 11, 13] (for sneutrino mass = 1 TeV).
This difference is significant, as it can alter the relative
size between other contributing processes such as the 4-
fermion interactions [10, 13]. Nevertheless our finding
does not alter the dominance of the Barr-Zee type dia-
grams over the other two-loop diagrams, as shown in the
analysis of Chang et al. [11], and their conclusion is still
very important.
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